Reversible uridylylation of the Escherichia coli PII signal transduction protein regulates its ability to stimulate the dephosphorylation of the transcription factor nitrogen regulator I (NRI or NtrC).
We have reconstituted the signal transduction system responsible for the negative regulation of the transcription of the Escherichia coli glnA gene, encoding glutamine synthetase, by glutamine. This signal transduction system consists of four proteins: the transcription factor NRI (NtrC), which activates glnA transcription when it is phosphorylated, the kinase/phosphatase protein NRII (NtrB) that directly controls the extent of NRI phosphorylation, the PII signal transduction protein that controls the phosphatase activity of NRII, and the uridylyltransferase/uridylyl-removing (UTase/UR) enzyme that is regulated by glutamine and controls the activity of PII. In the reconstituted system, the removal of uridylyl groups from the PII protein, catalyzed by the UTase/UR protein in the presence of glutamine, resulted in the stimulation of NRI approximately P dephosphorylation. In contrast, the uridylylated form of the PII protein had no discernible effect on NRI phosphorylation. The uridylylation of the trimeric PII protein by the monomeric UTase/UR protein is a non-cooperative reaction in which the partially modified species accumulated and were readily observed. Partially modified PII trimers were partially active in stimulating the dephosphorylation of NRI approximately P. Thus, both the PII-UTase/UR and PII-NRII interactions display the continuous variability characteristic of rheostats as opposed to the binary variability characteristic of toggle switches.